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1.0 INTRODUCTION

By letter dated February 14, 1997, as supplemented by letters dated June 20, August 5,
September 22, November 19, December 8, December 17, and December 31, 1997,

January 23, February 12, February 26, March 3, March 6, March 16, April 3, April 13, and two
letters on April 17, 1998, the Southern Nuclear Operating Company, Inc. (SNC) et al.,
submitted a request for changes to the Joseph M. Farley Nuclear Plant (FNP), Units 1 and 2,
Technical Specifications (TS) to increase the maximum reactor core power level for facility
operation from 2652 megawatts-thermal (MWt) to 2775 MWt. The amendments also approve
changes to the TS to implement uprated power operation. The results of the uprate evaluations
and analyses were documented in Westinghouse WCAP-14723, “Farley Nuclear Plant Units 1
and 2 Power Uprate Project NSSS Licensing Report,” dated January 1997 and submitted by
SNC with the February 14, 1997, request.

The November 19, December 9, December 17, and December 31, 1997, January 23,
February 12, February 26, March 3, March 6, March 16, April 3, April 13, and two letters on
April 17, 1998, provided clarifying information that did not change the February 14, 1997,
application and the initial proposed no significant hazards consideration determination
(October 8, 1997, 62 FR 52588).

2.0 BACKGRQUND

FNP Units 1 and 2 are currently licensed for operation at a reactor core power level of

2652 MWt. SNC undertook a program to uprate the FNP units to a maximum reactor core
power level of 2775 MWt, approximately a 4.6 percent increase. At the core uprate power, the
generator electrical output for each unit will increase approximately 25 megawatts-electrical
(MWe). The engineering studies supporting the core uprate have been performed in
accordance with guidance contained in Westinghouse Topical Report WCAP-10263, entitled “A
Review Plan for Uprating the Licensed Power of a Pressurized Water Reactor Power Plant,”
dated January 1983. This WCAP methodology, although not formally reviewed and approved
by the NRC, was followed by North Anna, Salem, Indian Point 2, Callaway, Vogtle, and Turkey
Point for their core power uprate and these uprates were found acceptable.
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SNC's letter of February 14, 1997, submitted Westinghouse WCAP-14723, “Farley Nuclear
Plant Units 1 and 2 Power Uprate Project NSSS Licensing Report,” dated January 1997, which
provided supporting documentation and analyses for the proposed changes. SNC stated that
the results of the Nuclear Steam Supply System (NSSS) analyses and evaluations demonstrate
that the FNP Units 1 and 2 NSSS is in compliance with applicable licensing criteria and
requirements and can operate acceptably at the power uprate conditions.

SNC addressed the overall risk associated with the increase in rated thermal power and
concluded that there is no impact on the calculated core damage frequency. The conclusion -
was based on the fact that all of the Final Safety Analysis Report (FSAR) transients were
analyzed or evaluated at the uprated conditions with acceptable results and because SNC
evaluated the success criteria and operator action failure probabilities used in the current FNP
probabilistic risk assessment (PRA) model with no adverse impact.

The FNP power uprate amendments were reviewed with consideration given to the
recommendations from the Report of the Maine Yankee Lessons Learned Task Group, dated
December 5, 1996. This report is documented in SECY-97-042, “Response to OIG Event
Inquiry 96-04S Regarding Maine Yankee,” dated February 18, 1997. The Task Group
concluded that a power uprate review procedure should be developed in light of the Maine
Yankee findings. Although a Maine Yankee lessons learned power uprate procedure has not
been developed, the recommendations of the report were considered in the review of the FNP
uprate. The main findings centered around the use and applicability of the code methodologies
used to support the uprated power. SNC has made an effort to verify that the code inputs and
assumptions are appropriate and applicable to the plant given the uprated conditions and any
changes {plant modifications and procedural changes) that have occurred since initial licensing.
SNC indicated that all principal codes were used in accordance with the applicable limitations
and restrictions. SNC has also provided a summary list of analysis assumptions and of codes
used and their review status (i.e., generically approved and new for FNP, generically approved
and approved for FNP) for consideration in the NRC review. The staff considered all of the
Maine Yankee Lessons Learned recommendations and appropriately addressed them in this
review. For the few recommendations that were not adopted, the staff provided adequate
justification and obtained cognizant management approval.

3.0 ACCIDENT ANALYSES EVALUATION

In support of this power uprate, the FNP units were reevaluated by SNC for operation at a rated
thermal power of 2775 MWt with respect to safety analyses.

The transient analyses presented rely heavily on analysis performed in the past to support other
NRC-approved licensing actions (overpressure delta temperature (OPAT) - overtemperature
delta temperature (OTAT) review, VANTAGE-5 fuel conversion, and steam generator level tap
relocation). SNC stated that these analyses were also used in accordance with the applicable
code limitations and restrictions. SNC stated that the principal codes and methodologies used
are all part of the FNP design basis with the exception of the methodology used to evaluate the
large break loss-of-coolant accident (LOCA). SNC is using the NRC-approved WCAP-12945-P-
A, “Code Qualification Document for Best Estimate LOCA Analysis,” for the analysis of this
accident. This methodology received a rigorous NRC review and approval. Sensitivity studies
and comparative analysis were presented to the staff as part of the review effort. As a result,
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the staff concludes that a comparative analyses, between the old and new power levels, is not
necessary, as recommended in the Report of the Maine Yankee Lessons Learned Task Group.

3.1 LOCA Analyses

3.1.1 Large Break LOCA (LBLOCA)

The LBLOCA analysis was performed, at the uprated conditions, using the NRC-approved
Westinghouse Best Estimate Methodology or WCOBRA/TRAC. This methodology is
appropriate for use at FNP because Units 1 and 2 are 3 loop Westinghouse designs for which
the topical was approved. SNC performed the analysis in accordance with the code limitations
and restrictions and as a result, the methodology is acceptable for use in FNP licensing
applications, including reference in the technical specifications and core operating limits report
(COLR). Use of this methodology is for the time from event initiation to core quench and not for
use in evaluating long-term cooling.

The resuits of the best estimate analysis indicate that the calculated peak clad temperature
(PCT) is 2064°F, the maximum localized oxidation is 12 percent, the maximum hydrogen
generation is 0.6 percent, the core remains coolable, and the core remains cool in the long
term. These results are acceptable and meet the acceptance criteria of 10 CFR 50.46 of a PCT
less than 2200°F, a maximum localized oxidation less than 17 percent, the maximum hydrogen
generation less than 1.0 percent, the core remains coolable, and the core remains cool in the
long term. As a result, the staff finds this acceptable.

3.1.2 Small Break LOCA (SBLOCA)

SNC stated that the NRC-approved NOTRUMP continues to be used for the SBLOCA analysis,
at the uprated conditions. In order to determine the limiting set of conditions, a number of
cases were evaluated. The analysis was run at both the high and low average temperatures
limits, the Units 1 and 2 flow characteristics (Unit 1 has a barrel/baffle upflow configuration while
Unit 2 has a downflow configuration), and for both ZIRLO and zircaloy clad fuel. SNC stated
that the analysis assumes the limiting single failure of a loss of one train of the emergency core
cooling system (ECCS) with an assumed loss of offsite power (LOOP) at the time of the reactor
trip. SNC stated that the delay from the time of event initiation to the time of the trip in the
modeling is inconsequential and is not less limiting than assuming the LOOP occurs at the time
of the event. The results indicate that the limiting PCT is 1968°F for the Unit 1, low T,,,, ZIRLO
clad 3-inch break. The highest localized oxidation is 5.84 percent, the total oxidation remains
less than 1 percent, the core remains coolable, and long-term cooling is maintained. As a
result, the analysis of the SBLOCA is acceptable.

3.1.3 Hot Leg Switchover

SNC stated that a calculation has been performed to determine the new hot leg switchover
(H!.SO) time and minimum hot leg recalculation flow based on an uprated core power of

2775 MWL, The new HLSO time is 7.5 hours. The new hot leg recalculation minimum flow for
the worst break and single failure is 89.1 Ibm/sec. This hot leg recalculation minimum flow has
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been shown to be availabie. SNC concluded that with the above HLSO time and flow rate, the
core geometry will remain coolable.

3.1.4 Post-LOCA Long-Term Cooling

SNC stated that an analysis of long-term cooling was performed at the uprated power. SNC
has performed an evaluation to determine the effects of power uprating to post-LOCA long-term
cooling. It is concluded that the new average temperature range has a very small effect on the
post-LOCA sump boron concentration. Therefore, the core will remain subcritical post-LOCA
and that decay heat can be removed for the extended period of time required by the long lived
radioactivity remaining. The revised post-LOCA long-term core cooling boron limit curve is
used to qualify the fuel on a cycle-by-cycle basis during the fuel reload process.

3.2 Non-LOCA Transient Analyses

SNC stated that the non-LOCA analysis was performed using codes that have been approved
both generically and for FNP. They were used in accordance with applicable limitations and
restrictions. A number of other NRC-approved license amendments were referenced because
the previously approved analysis assumed uprated conditions. These include the transition to
VANTAGE-5 fuel, the revision of the OPAT and OTAT setpoints with the implementation of the
relaxed axial offset control, and the steam generator level tap relocation license amendments.
SNC stated that these analyses were also performed in accordance with the applicable code
limitations and restrictions. The analysis associated with the revision of the OPAT and OTAT
setpoints included all of the changes associated with this amendment. The analysis associated
with the VANTAGE-& fuel transition included the uprated power, the ZIRLO fuel, and the
reduced reactor coolant system (RCS) flow; however, it did not include all other conforming
uprated related changes, including the reduction in ECCS flow. The transients that continue to
rely on these analyses have been evaluated to verify continued acceptability. The staff finds
this acceptable.

SNC stated that where applicable, the NRC-approved revised thermal! design procedure
(RTDP) was used in the evaluation of the departure from nucleate boiling (DNB). A reduced
core flow of 86,000 gpm per loop was employed in the analysis, which is associated with an
indicated flow limit of 97,800 gpm and 20 percent steam generator (SG) tube plugging was
assumed. SNC stated that for each transient, both a stuck rod and the limiting single failure
were assumed. The limiting single failure for each transient was selected on an event-specific
basis. For the SG tube rupture, however, the single failure of the steam driven auxiliary
feedwater pump was chosen, even though this is not the most limiting single failure. SNC
stated that its design basis does not require the consideration of a single failure in the analysis
of the SG tube rupture and the original analysis did not assume a single failure. The
consideration cf this single failure is more conservative than was required by the original design
basis. As a result, the consideration of the failure of the steam driven auxiliary feedwater pump,
a less limiting single failure, is now acceptable. Additionally, SNC stated that where an LOOP
was assumed, {ne timing was chosen consistently with the original design basis assumptions.
These assumptions are acceptable. A brief discussion of each individual transient is presented
below.
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3.2.1 Uncontrolled Rod Ciuster Control Assembly (RCCA) Bank Withdrawal from a Subcritical
Condition

The uncontrolied RCCA bank withdrawal from a subcritical condition is analyzed to ensure that
the core and the RCS are not adversely affected. This analysis was performed with acceptable
results at the uprated conditions during the VANTAGE-5 fuel conversion. This has been
demonstrated because the results of the analysis show that the minimum DNB ratio (DNBR)
remains greater than the safety analysis limit and that the maximum fuel temperatures
predicted to occur are much less than those required for clad damage or fuel melting to occur.
The effect of the power uprate on this event is therefore, acceptable.

3.2.2 Uncontroll ] ' ntrol A nbi nk Withdrawal ! ’

The analysis of the uncontrolled RCCA bank withdrawal at power case was analyzed while
revising the OPAT and OTAT setpoints, at the uprated conditions, with acceptable results and
NRC approval as addressed in Farley License Amendment No. 121 for Unit No. 1 and License
Amendment No. 113 for Unit No. 2, issued on September 3, 1996.

3.2.3 Rod Cluster Control Assembly Misalignment

The dropped RCCA and the statistically misaligned assembly were analyzed at the uprated
conditions while transitioning to VANTAGE-5 fuel. The analysis resulted in the calculated DNB
meeting the design basis. Although the rod control system has been modified, affecting the
control system response, SNC performed an analysis to demonstrate the acceptability of the
rod control parameters since this modification. These calculations confirmed that the DNB
design basis continues to be met. As a result, the staff finds this acceptable.

3.2.4 Uncontrolled Boron Dilution

The uncontrolled boron dilution was analyzed while revising the OPAT and OTAT setpoints, at
the uprated conditions, with acceptable results and NRC approval as addressed in Farley
License Amendment No. 121 for Unit No. 1 and License Amendment No. 113 for Unit No. 2,
issued on September 3, 1996.

3.25 ial f For r lan

The transient was analyzed for the power uprate. The event was analyzed using the RTDP and
concluded that the DNBR design basis is met, the pressure of the primary and secondary
remain within the design limits, and fuel centerline melt is not predicted. As a result, the staff
finds this acceptable.

3.2.6 Startup of an Inactive Reactor Coolant Loop

The FNP TSs do not allow operation with a loop out of service, therefore this is not analyzed
and it is acceptable.
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3.2.7 Loss of External Electrical Load and/or Turbine Trip

The loss of load was evaluated for the uprate. The analysis was performed for two cases. The
analysis was performed using minimum reactivity feedback with pressurizer pressure control
(pressurizer sprays and power-operated relief valves (PORVSs)) available using the RTDP to
evaluate the DNB transient. The assumptions are established to maximize the DNB transient.
The event was also analyzed using minimum reactivity feedback with no credit of pressurizer
pressure control. These assumptions were made to maximize the primary and secondary
overpressure transients. For the DNB transient analysis, the primary and secondary code
safety relief valves are assumed to open at the low end of the allowable tolerance to maximize
the DNB transient, and for the overpressure transient analysis, the valve is assumed to open at
the upper tolerance. No accumulation in the primary safety relief valves is assumed; however,
a delay of 1.6 seconds after the setpoint plus tolerance is reached is assumed prior to the valve
relieving any steam to clear the loop seals. For the five secondary safety relief valves on each
of three steam headers, the first three are modeled with 3 percent accumulation, the fourth

2 percent, and 10 psi accumulation for the last.

The analysis results conclude that for the DNB case, the DNB design basis is met. For the
overpressure case, both the primary and secondary system pressure remains below

110 percent of the design pressure. The peak calculated pressure for the primary system is
2747 with a limit of 2748.5 psi. The calculated peak secondary pressure is 1199 psi with a limit
of 1208.5 psi. Fuel centerline melt is not expected. As a result, the staff finds the analysis
acceptable.

3.2.8 Loss of Normal Feedwater

The loss of normal feedwater was analyzed for the power uprate. The DNB transient for this
event is bounded by the loss of electric load event. The peak pressure analysis results
demonstrated that the primary and secondary systems do not exceed the safety limits. The
pressurizer is not predicted to go water solid. Additionally, the motor driven auxiliary feedwater
pumps to two SGs provide sufficient cooling. As a result, this is acceptable.

3.2.9 Loss of All Offsite Power to the Plant Auxiliaries

The loss of all offsite power to plant auxiliaries event was analyzed for the power uprate. The
DNB transient for this event is bounded by the loss of electric load event. The peak pressure
analysis results demonstrated that the primary and secondary systems do not exceed the
safety limits. The pressurizer is not predicted to go water solid. As a result, this is acceptable.

3.2.10 Excessijve Heat Removal Due to Feedwater System Malfunction

This event was analyzed for the VANTAGE-5 transition with acceptable results and NRC
approval as addressed in Farley License Amendment No. 91 for Unit No. 1 and License
Amendment No. 84 for Unit No. 2, issued on December 30, 1991. As a result, the current
FSAR analysis remains valid.



3.2.11 Accidental Depressurization of RCS

The accidental depressurization of RCS was analyzed while revising the OPAT and OTAT
setpoints, at the uprated conditions, with acceptable resuits and NRC approval as addressed in
Farley License Amendment No. 121 for Unit No. 1 and License Amendment No. 113 for Unit
No. 2, issued on September 10, 1996.

3.2.12 Inadvertent Qperation of Emergency Core Cooling System During Power Operation

The inadvertent ECCS is analyzed to assure that the primary and secondary pressure limits are
not exceeded, that the DNBR limits are not exceeded, and that the event does not progress to
a more severe event. The event was analyzed and meets this criteria; however, to prevent the
water solid relief from the primary code safety relief valves and the potential for the valve
sticking open creating a more severe transient, SNC credits the opening of the PORVs. The
staff has reviewed this and determined that this is acceptable because there is sufficient time
for the operators to take action and open the PORV block valve if it is closed. Additionally,
although the automatic actuation of the PORYV is not considered safety-related, the
accumulation circuits are routed separately; there are two separate Class 1E procured
transmitters, powered from 1E power supplies, with 1E relays. Therefore, the PORV is
considered highly reliable and its use is acceptable.

3.2.13 Inadvertent in | Assembly in

SNC performed an analysis to verify that operation at the uprated power does not affect the
ability of the instrumentation to detect the incorrect loading of an assembly. The evaluation
concluded that the current analysis is still applicable and the conclusions remain valid. If a pin
or rod were to be incorrectly loaded, the damage would be limited to that pin, if an assembly
were incorrectly loaded, it would be detected by the incore detectors. The staff finds this
acceptable.

3.2.14 Complete Loss of Forced Reactor Coolant Flow

The complete loss of flow was analyzed for the power uprate using the RTDP. For the limiting
case run, the reactor is assumed to trip on the loss of RCS flow. The results indicate that the
DNBR does not decrease below the limit, fuel centerline melt is not predicted, and the primary
and secondary pressure aiso remain below the limit. As a result, the acceptance criteria are
met.

3.2.15 Single Rod Cluster Control Assembly Withdrawal at Full Power

The single rod withdraw transient was analyzed during the VANTAGE-5 fuel conversion with
NRC approval as addressed in Farley License Amendment No. 91 for Unit No. 1 and License
Amendment No. 84 for Unit No. 2, issued on December 30, 1991. An evaluation was
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performed to confirm this analysis continues to be conservative with respect all the uprated
conditions. The staff finds this acceptable.

3.2.16 Excessive Load Increase Incident. Accidental Depressurization of Main Steam System.

Minor Secondary System Pipe Breaks. and Rupture of a Main Steamline

The main steamline rupture is considered a limiting fault; however, it was analyzed to more
limiting criteria so that more frequent events do not need to be analyzed. The staff finds this
acceptable. As a result, no DNB or fuel failures are predicted.

The event was analyzed using the NRC-approved Topical Report, WCAP-9226-P-A,

Revision 1, “Reactor Core Response To Excessive Secondary Steam Releases,” which is
applicable to FNP. The excessive cooldown associated with the steamline rupture and a
negative moderator temperature coefficient causes an increase in the core reactivity. The
positive reactivity associated with the cooldown, and assuming the most reactive rod is stuck in
the fully withdrawn position causes a return to criticality. The limiting case for the plant is in hot
standby, end-of-life, O percent tube plugging, and minimum ECCS conditions. Both cases
where offsite power is lost and offsite power is not lost were analyzed to determine which is
more limiting. The case where power remains available is more limiting and no DNB and no
fuel failure was predicted. As a result, it is appropriate to use this event to bound the more
frequent excessive load increase and accidental depressurization of main steam events. The
staff finds the results acceptable.

3.2.17 Rupture of a Main Feedwater Pipe

The feedwater pipe rupture was analyzed at the uprated power to support the relocation of the
SG level tap license amendment. Although the analysis was performed at the uprated power, a
sensitivity study was performed to quantify the effects of some of the other plant parameters
being modified with this amendment. The sensitivity study concluded that there was no
significant change to the peak primary and secondary pressure analysis and that there
continues to be margin with regard to bulk boiling in the core and DNB. The auxiliary feedwater
continues to provide sufficient capacity to remove the decay heat. As a result, the current
FSAR analysis remains valid.

3.2.18 Single Reactor Coolant Pump Locked Rotor

The event was analyzed for the power uprate amendment. The results concluded that the peak
primary and secondary pressure remain within the design limit of 110 percent of the design
pressure. Although DNB occurs, less than 20 percent of the core is calculated to experience
DNB and the maximum clad temperature was 2165 °F. As a result, the staff finds the analysis
and results acceptabie.

3.2.19 Rupture of rol Rod Drive Mechanism Housing [Rod Cluster Control Assembl

Ejection]

The rod ejection accident was analyzed based on the NRC-approved Topical Report
WCAP-7588, Revision 1A, “An Evaluation of the Rod Ejection Accident in Westinghouse
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Pressurized Water Reactors Using Spatial Kinetics Methods.” The results conclude that the
average fuel enthalpy at the hot spot remains well below 280 kcal/gm (actually below

225 kcal/gm) and therefore there is no danger of sudden fuel dispersal into the coolant. DNB is
predicted to occur in less than 10 percent of the core and the peak RCS pressure does not
exceed that which would cause reactor pressure vesse! stress to exceed the faulted condition
stress limits. As a result, the analysis is acceptable.

3.2.20 Steam System Piping Failur Full Power

The steam system piping failure at full power was analyzed while revising the OPAT and OTAT
setpoints, at the uprated conditions, with acceptable results and NRC approval as addressed in
Farley License Amendment No. 121 for Unit No. 1 and License Amendment No. 113 for Unit
No. 2, issued on September 3, 1996.

3.2.21 Steam Generator Tube Rupture (SGTR)

The SGTR analysis is used to verify that the postulated offsite dose consequences are
acceptable. SNC performed mass and energy balance analyses, consistent with the original
design basis, to determine the quantity of primary-to-secondary leakage from both the intact
and faulted steam generators and the quantity of steam released to the environment.

3.3 Containment Integrity Analyses

SNC performed containment integrity analyses at uprated power to ensure that the maximum
pressure inside the containment will remain below the containment building design pressure of
54 psig if a design bases LOCA or main steamline break (MSLB) inside containment should
occur during plant operation. The analyses also established the pressure and temperature
conditions for environmental qualification and operation of safety-related equipment located
inside the containment. The LOCA peak pressure is also used as a basis for the containment
leak rate test pressure to ensure that dose limits will be met in the event of a release of
radioactive material to containment.

SNC indicated that the containment functional analyses included the assumption of the most
limiting single active failure and the availability or unavailability of offsite power, depending on
which resulted in the highest containment temperature and pressure. Bounding initial
temperatures and pressures for analyses were selected to envelope the limiting conditions for
operation.

3.3.1 LOCA Containment Integrity Analyses

SNC performed analyses to determine the containment pressure and temperature response
during postulated LOCAs using mass and energy (M&E) releases, which incorporate revised
design parameters corresponding to 2775 MWt with updated computer modeling. As in the
current licensing basis FSAR, the postulated LOCA analyses were performed for the double
ended hot leg (DEHL) guillotine break of reactor coolant pipe and the double ended pump
suction (DEPS) break. It has been determined that the DEHL break results in the most limiting
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pressure during the blowdown phase and that the DEPS break yields the highest energy flow
rates during the post-blowdown period. '

SNC indicated that the M&E releases in the containment were calculated for power uprate
using Westinghouse Topical Report WCAP-10325-P-A, “Westinghouse LOCA Mass and
Energy Release Model for Containment Design - March 1979 Version,” May 1983, which is
applicable to FNP. In these analyses, the 1979 ANS 5.1 decay heat model with 2 a sigma
uncertainty factor was used. Westinghouse Topical Report WCAP-8264-P-A, Revision 1,
“Westinghouse Mass and Energy Release Data for Containment Design,” August 1975 for M&E
release calculations was used in the original/current design basis analyses. The M&E release
analyses were presented in attachment 5 of WCAP-14723 of the February 14, 1997, submittal.
The updated Westinghouse Topical Report WCAP-10325-P-A computer code with the same
methodology and assumptions (except the FNP specific data) have been utilized and approved
on many plant-specific dockets for Westinghouse pressurized water reactors such as Turkey
Point, Catawba, McGuire, Sequoyah, Watts Bar, Surry Units 1 and 2, Millstone 3, Beaver
Valley 2, and Indian Point 2. The staff finds the use of Topical Report WCAP-10325 for LOCA
M&E release calculations acceptable for FNP.

SNC stated that the uprated containment pressure and temperature response analyses were
performed using the GOTHIC computer code developed under an EPRI contract from the older
NRC code, FATHOMS. GOTHIC was developed under a fully qualified quality assurance
program and has undergone extensive peer review. The original containment temperature and
pressure analyses were performed using the Copatta computer code. Later analyses were
performed using the Compact code. Previous blowdown model data were used with the
GOTHIC modeling and compared to the previous analyses with consistent results with
differences on the order of 1 psi and 10°F at peak conditions. SNC explained the reasons for
slight differences in pressure and temperature for FNP in a letter dated December 17, 1997.
The staff has reviewed the December 17 letter and finds the reasons for slight differences
acceptable. Therefore, based on the comparison with previous modeling with consistent
results, the staff finds the use of the GOTHIC computer code for FNP containment temperature
and pressure analyses acceptable.

SNC stated that uprate analyses made maximum use of the previous analyses for input
assumptions. Other than changes in M&E release input due to power uprate and updated
codes, other key model/inputs were: (a) residual heat removal (RHR) heat exchanger properties
(heat transfer coefficient and component cooling water flow) were modified to represent actual
plant design data; (b) containment cooler performance mode! was modified for degraded cooler
service conditions (The model uses a single degraded cooler in service); (c) initial containment
temperature assumption was 127°F, which corresponds to the containment design operating
bulk average temperature plus margin; (d) initial containment pressure assumption was

14.7 psia because the containment mini-purge fans are normally running and maintaining
pressure at essentially atmospheric. Additionally, limiting cases for LOCA and MSLB were
analyzed at the TSs initial containment pressures of +3 psig and -1.5 psig for maximum
pressure and temperature evaluations.

For the DEHL break, the FNP uprate analyses calculated a containment peak pressure of
43.0 psig and peak temperature of 263°F. For the DEPS breaks, the uprate analyses
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calculated a containment peak pressure of 41.5 psig and a peak temperature of 261°F. The
uprate calculated LOCA peak pressure and temperature of 43.0 psig and 263°F remain below
the containment design pressure of 54 psig and design temperature of 280°F. The proposed
power uprate will not affect the Net Positive Suction Head (NPSH) requirements of ECCS
pumps as the peak LOCA temperature of 263°F remains below the preuprate LOCA
temperature of 268°F.

3.3.2 Main Steamline Brea ntainment Intearity Analysis

SNC performed analyses to determine the containment pressure and temperature responses
during postulated steamline breaks inside containment for limiting conditions for operation at
uprated power. The uprate analyses were evaluated for initial power levels of 102 percent,

70 percent, 30 percent, and 0 percent and spectrum of break sizes similar to that in the current
FSAR. The MSLB mass and energy release and the pressure and temperature analyses have
included the effects of various single failures. The MSLB M&E releases were calculated using
the LOFTRAN computer code. The staff has found the use of this code acceptable. A
discussion of LOFTRAN is provided in a staff Safety Evaluation issued on May 27, 1986.

Containment temperature and pressure responses were calculated using the GOTHIC
computer code. As indicated earlier for LOCA containment analysis, the staff has found the
~use of the GOTHIC computer code acceptable for FNP.

For the MSLB, the uprate analyses calculated a peak containment pressure of 52.4 psig and a
peak air temperature of 383°F. The peak containment pressure at uprated conditions remains
below the containment design pressure of 54 psig. SNC indicated that peak air temperature,
which is 5°F more than the preuprate temperature of 378°F, will be for a very short duration
and that the containment structure temperature will remain below the containment design
temperature of 280°F at all times. Also, updated calculated pressure and temperature curves
for LOCA and MSLB cases will remain bounded by the curves used for equipment
qualifications.

Based on the preceding discussion, the staff finds the proposed change for power uprate will
not affect the containment integrity as the calculated peak containment pressure and
temperature remains below the containment design pressure and temperature, and therefore, is
acceptable.

3.3.3 Short-term ompartment Anal

SNC indicated that an evaluation was conducted to determine the effect of a power uprate on
the short-term LOCA-related M&E releases that support subcompartment analyses discussed
in Chapter 6.2 of the FNP FSAR. In the FSAR, a double-ended circumferential rupture of the
RCS cold leg forms the basis for the steam generator compartments; a 100 in? reactor vessel
inlet break forms the basis for the reactor cavity region, and both spray line break and surge
line break were considered for the pressurizer compartment. The magnitude of the pressure
differential across the walls is a function of several parameters, which include the blowdown
M&E release rates, the subcompartment volume, vent areas, and vent flow behavior. The
blowdown M&E release rates are affected by the initial RCS temperature conditions. Any
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changes in RCS volume, steam generator liquid/steam mass and volume, and differences in
units, such as upflow verses downflow, have no effect on releases because of the short
duration of postulated accident. Any volumetric changes are small and have no impact on the
subcompartment model. Therefore, the only change that needs to be addressed for this
program is the decrease in the RCS coolant temperatures. Based upon the results of the
evaluation, the current design basis LOCA-related M&E releases, including the spray line and
the surge line releases, could increase by a factor of 1.18 due to RCS temperature effects.

SNC stated that the subcompartment analysis was performed for the pressurizer compartment
with the increased releases of 18 percent due to RCS temperature effects. Results of the
analysis showed that the subcompartment wall differential pressure and uplift forces remain
bounded by the previous design basis analysis. FNP is approved for leak-before-break (LBB)
as per WCAP-12825, "Technical Justification for Eliminating Large Primary Loop Rupture as a
Structural Design Basis for the Joseph M. Farley Units 1 and 2 Nuclear Power Plants,” January
1991. This means that the current breaks (a double-ended circumferential rupture of the
reactor coolant cold leg break for the steam generator compartments, and a reactor vessel inlet
break for the reactor cavity region) no longer have to be considered for the short-term effects.
Since the RCS piping has been eliminated from consideration, the large branch nozzles must
be considered for design verification. This includes the surge line, accumulator line, and the
RHR line. These smaller breaks, which are outside the cavity region, would result in minimum
asymmetric pressurization in the reactor cavity. Additionally, compared to the large RCS
double-ended ruptures, the differential loadings are significantly reduced. The decrease in .
M&E releases associated with the smaller RCS nozzle breaks, as compared to the larger RCS
pipe breaks, more than offsets the increased releases associated with decreased RCS initial
coolant temperature. Therefore, the current licensing basis subcompartment analyses that
consider breaks in the primary loop RCS piping (steam generator subcompartment and reactor
cavity region), therefore remain bounding.

Based on the preceding review, the staff concludes that the uprating is acceptable as the
subcompartment pressure loading analysis from high-energy-line ruptures remain bounded by
the current FSAR analysis.

3.4 Additional Design Basis and Programmatic Evaluations

3.4.1 Containment Post- A rogen Generation

SNC indicated that the effect of power uprate was reviewed for the Zirconium(Zr)-water
reaction, corrosion of construction materials in the containment, radiolytic decomposition of core
and sump solution modes of post-LOCA hydrogen production, and for the capability of the
combustible gas control system to maintain acceptable hydrogen concentration inside the
containment.

SNC stated that the hydrogen generation due to Zr-water reaction is not affected by the power
uprate since total quantity of Zr (in the fuel cladding) remains unchanged. Also, the post-LOCA
containment temperature profiles to determine the corrosion rate for aluminum and zinc for
power uprate remains bounded by that used in previous design basis analyses, and therefore,
hydrogen generation due to corrosion rates will not be affected by power uprate. The hydrogen
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generation post-LOCA due to radiolytic decomposition of core and sump solution will increase
by approximately 5 percent proportional to the increase in reactor power level.

SNC indicated that the increase in hydrogen generation rate due to power uprate is determined
to have a negligible effect on the post-accident hydrogen mixing system. The analysis
performed for uprated power showed that with no recombiner in service, the hydrogen
concentration will not exceed 4 percent by volume for 17 days following a LOCA. Placing a
hydrogen recombiner in service prior to the 18th day following a LOCA will maintain
containment hydrogen levels below the lower flammability limit of 4 percent. Based on the
above review, the staff finds that the power uprate will not impact the post-LOCA hydrogen
control system.

3.4.2 Compliance with 10 CFR Part 50, Appendix R

SNC stated that the power uprate evaluation did not identify changes to design or operating
conditions that adversely impact the post-fire safe shutdown capability in accordance with
Appendix R. SNC also stated that there were no physical plant configuration changes or
combustible load changes. The staff finds this acceptable. The staff may review, during a
future onsite inspection, the supporting information for SNC's letter of March 6, 1998.

3.4.3 Station Blackout (SBO)

SNC performed evaluations of the impact resulting from plant operations at the proposed
uprated power level on system response and coping capabilities for SBO events. SNC stated
that current design basis temperature profiles in areas housing SBO-required equipment remain
bounded for an SBO in an uprated plant.

With this evaluation, the staff has also reviewed whether this power uprate would affect current
General Design Criterion (GDC)-17 and SBO requirements. Although the power uprate
resulted in a small electrical load increase of the reactor coolant pumps and charging pumps on
non-Class1E 4160 V buses, SNC’s assessment has not indicated that power uprate would
affect bus loadings and voltages to such a degree that the electrical onsite or offsite power
system configuration would need to be modified. Therefore, the staff finds that the power
uprate continues to satisfy the current GDC-17 requirement. SNC has also reviewed the SBO
coping analysis, which is a function of offsite power design, emergency power configuration,
and emergency diesel generator target reliability per Regulatory Guide 1.155, “Station
Blackout.” SNC finds that none of the SBO coping criteria are affected by power uprate. On
this basis, the staff concludes that power uprate at FNP would not affect current SBO coping
duration and would continue to meet the GDC-17 requirements.

Based on its review and the experience gained from the review of power uprate applications for
similar PWR plants, the staff finds that the impact on system response and coping capabilities
for an SBO event resulting from plant operations at the proposed uprated power level is
insignificant.



-14-

3.4.4 Safety-Related Motor-Operated Valves (MOV)

In its response to the staff's request for additional information dated January 23, 1998 , SNC
stated that the FNP NSSS and Balance of Plant safety-related valves were demonstrated to be
acceptable for the power uprate. This determination was confirmed by verifying that changes in
system operating temperature and pressure were bounded by the requirements of the
associated equipment specification. As a result, SNC concluded that the power uprate has no
impact on FNP’s Generic Letter 89-10 (Safety-Related "Motor-Operated Valve (MOV) Testing
and Surveillance") program and that the increased thrust required to operate the MOVs due to
expected differential pressure conditions is within the capabilities of the existing valve actuators.
On the basis of its review, the staff concurs with SNC's conclusion that the power uprate will
have no adverse effects on the safety-related vaives and FNP’s MOV program. The staff may
review, in a future onsite inspection, the supporting information for SNC's letter of January 23,
1998.

3.5 Radiological Analysis

SNC performed reanalyses of a select number of the FNP FSAR Chapter 15 accidents. Such
reanalyses were required because of SNC’s proposal to increase core power and to change

~ various operating parameters as part of the power uprate. These changes would alter the
releases from these postulated accidents.

The accidents for which SNC performed such reanalyses and the NRC guideline dose limits for
these accidents are as follows:

1. Loss of AC Power - 2.5 rem whole body, 30 rem thyroid
2. Waste Gas Decay Tank Rupture
- 500 mrem whole body
3. Large Break LOCA
- 25 rem whole body, 300 rem thyroid
4, Main Steamline Break
- preexisting spike case - 25 rem whole body, 300 rem thyroid
- accident-initiated spike case - 2.5 rem whole body, 30 rem thyroid
5. Steam Generator Tube Rupture
- preexisting spike case - 25 rem whole body, 300 rem thyroid
- accident-initiated spike case - 2.5 rem whole body, 30 rem thyroid
6. Locked Rotor
- 2.5 rem whole body, 30 rem thyroid
7. Fuel Handling
- 6 rem whole body, 75 rem thyroid
8. Rod Ejection
- 6 rem whole body, 75 rem thyroid
9. Small Break LOCA
- 25 rem whole body, 300 thyroid
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Consistent with the guidance in the Standard Review Plan (SRP) for some accidents, the
reanalysis was performed at a core power rating of 102 percent (2831 MW) of the proposed
power uprate value (2775 MWt).

SNC implemented alternate repair criteria (ARC) for the steam generator tubes. Because of
this, in the event of an MSLB accident, there may be additional primary-to-secondary leakage
over and above that which would otherwise occur. For FNP, the value for accident-induced
leakage is presently at 23.8 gpm and the TS for normal operating leakage is 150 gpd/SG

(0.1 gpm/SG). At the accident-induced leakage rate of 23.8 gpm, it became necessary to
reduce the TS values for maximum instantaneous and the 48-hour values for dose equivalent
3] to the current values of 9 pCi/g and 0.15 pCi/g, respectively. The staff anticipates that, upon
replacement of the SGs, SNC will request that the TS values for dose equivalent *'| in primary
coolant be restored to their previous values of 60 uCi/g for the maximum instantaneous value
and to 1 uCi/g for the 48-hour value. Therefore, with the exception of the MSLB, wherever
possible, the staff performed its accident analyses involving the TS values with primary coolant
levels of dose equivalent '*'| at the usual levels of 60 uCi/g and 1 pCi/g.

The staff reviewed SNC'’s calculations and performed confirmatory calculations of the doses
associated with these accidents for individuals located offsite at the exclusion area boundary
(EAB) and at the low population zone (LPZ) and onsite for the control room operators. The
FNP control room is designed to isolate and the control room emergency ventilation system
automatically starts on a containment isolation signal. If the control room receives a high
radiation signal, the control room is automatically isolated but it requires manual action on the
part of an operator to initiate operation of the control room emergency ventilation system.
Based on these assumptions, the staff found the control room operator doses acceptable.

The following sections provide the staff's assessment of the potential consequences of the
above postulated accidents.

3.5.1 Accidents Analyzed

3.5.1.1 Loss of ac Power

SNC indicated that a loss of ac power would not result in the release of radioactivity unless
there was radioactivity in the primary coolant and a primary-to-secondary leak existed. The
analysis performed by SNC assumed a reactor coolant activity level based upon 1 percent
failed fuel for noble gases, the TS values for dose equivalent '*'l in primary coolant and a
160 gpd/SG primary-to-secondary leak rate.

The staff assessed the potential consequences of a loss of ac power. The staff's assumptions
are presented in Table 3.5.1-1. Thyroid and whole body doses were calculated at the exclusion
area boundry, low population zone, and in the control room. The thyroid, whole body and
control room operator doses are presented in Tables 3.5.2-1 through 3.5.2-3, respectively. The
doses were found acceptable.
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3.5.1.2 Waste Gas Decay Tank Rupture

SNC reevaluated the consequences of the release of the contents of a waste gas decay tank as
a result of the power uprate. SNC indicated that its evaluation “conforms to the guidelines of
Regulatory Guide 1.24. The releases result in offsite doses [which] are a small fraction of the
10 CFR guidelines, which meets the acceptance criteria.”

The staff did not perform such a reassessment of the consequences of this accident because
FNP is limited by TS 3.11.2.6 as to the quantity of radioactivity that each tank may contain.
This limit is 70,500 Ci of '**Xe equivalent. Since SNC did not propose to change the limit for
this TS; the previous TS amendment, which approved the 70,500 Ci, was still deemed to be
limiting.

It should be noted that the guideline dose criterion for the curie contents of a waste gas decay
tank is 500 mrem to the whole body. This was detailed in Section 5.6 of NUREG-0133,
“Preparation of Radiological Effluent Technical Specifications for Nuclear Power Plants.” The
guideline is not a small fraction of Part 100 (2.5 rem to the whole body) as stated by SNC in its
submittal.

3.5.1.3 Large Break LOCA (LBLOCA)

SNC calculated the potential consequences of a postulated LBLOCA to the control room
operators and to individuals located offsite at the exclusion area boundry and low population
zone. SNC postulated that the pathways for releases in the event of a LOCA were containment
leakage and ECCS recirculation loop leakage discharged via the penetration room filter system.
SNC also assumed that at the time that the LOCA occurred, the containment was being
purged. The purge was assumed to be isolated within 6 seconds following the accident. As
part of the effort to demonstrate the capability of the plant to meet Part 100 and GDC-19 doses,
SNC also performed a calculation that assumed that it was necessary to purge the containment
18 days after the LOCA due to the H, recombiners being inoperable.

In SNC's analysis, it was assumed that the containment source term for elemental and
particulate forms of iodine was reduced by sprays. In addition, it was assumed that the
elemental form of iodine was also subject to removal via plateout. SNC assumed that the
sprayed and unsprayed regions were mixed by the containment cooling fans at a rate of
40,500 cfm. However, the staff did not incorporate this assumption because the TS associated
with the containment cooling fans places no requirements for fan flow. Consequently, there is
no basis for assuming that mechanical mixing will occur at the above stated rate.

Consequently, the staff assumed that the flow rate between the sprayed and unsprayed regions
was due to natural convection and was equal to two of the unsprayed regions volume per hour.

SNC also assumed that the elemental forms of iodine were removed from the containment due
to plateout. SNC assumed that the removal rate was a function of the elemental iodine, which
had been removed. Until a decontamination factor (DF) of 100 was achieved, the removal rate
was 2.7/hr. Between a DF of 100 and 1000, the removal rate was 0.27/hr. After a DF of 1C00
was achieved, no removal was assumed to occur due to plateout. The staff reviewed this
assumption and determined that it was acceptable.
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WCAP-14723, Attachment 6, Tables 2.16-1 and 2.16-2 contain revised values for the post-
accident iodine removal coefficients. Evaluation of these tables is presented below:

. In calculating the coefficient for plateout of elemental iodine activity released to
containment (A ), SNC used wall deposition velocities for elemental iodine from
NUREG/CR-0009. Using these deposition velocities, SNC calculated A ,=12.5 hr -'.
However, NUREG-0009 specifically recommends that, in determining plateout
coefficients, the mass transfer coefficient through gas film be used instead of wall
deposition velocities. The same recommendation is made in Section 6.2.5, Revision 2
of the Standard Review Plan. Using this coefficient, the staff calculated A w=2.7 hr*

In its letter of March 3, 1998, SNC changed the. coefficient for plateout of elemental
iodine to a A, value of 2.7 hr !, which is an acceptable value.

. When the concentration of iodine in the containment atmosphere is reduced and the DF
for containment iodine reaches certain limiting value, iodine removal becomes less
efficient, and the calculated coefficient for the removal of particulate iodine by
containment sprays (A ;) should be reduced by a factor of 10. in Section 6.5.2,

Revision 2 of the Standard Review Plan, this limit is specified as DF=50 and was utilized
in the staff's calculation. However, the value of DF=100 as specified in NUREG/CR-
0009 is a conservative number. In SNC’s submittal, it is given as DF=100. The value
of DF=100 will have an insignificant effect on radiation doses and therefore is
acceptable.

The staff did note some inconsistency in the manner in which SNC stated that it had performed
the calculation of releases from ECCS leakage and the actual manner in which it was
performed. In Table 2 of a December 9, 1997, letter to the staff, SNC indicated that it had
assumed that the leakage associated with ECCS operation would be 20 times the value in
FSAR Table 6.3-8. However, calculations provided in a March 3, 1998, transmittal to the staff,
showed that the value actually used was 10 times the rate in FSAR Table 6.3-8. The staff
chose a value of 20 times the flow rate in FSAR Table 6.3-8 for this assessment.

SNC stated that the results of its analyses demonstrated that in all cases, Part 100 doses and
GDC-19 doses were met.

Additional details on the assumptions for this evaluation are presented in Table 3.5.1.3-1. The
staff assessed the potential consequences of a LOCA based upon the assumptions in this
Table. The thyroid, whole body and control room operator doses are presented in Tables
3.5.2-1 through 3.5.2-3, respectively. The doses were found to be acceptable in that they were
less than 25 rem whole body (or 300 rem to the thyroid) at the exclusion area boundary and
control room doses were less than 5 rem whole body during an accident.

3.5.1.4 Main Steamline Break

FNP has applied the ARC ‘o its SG tubes. Application of this criteria permits SNC to make the
decision to allow tubes to remain in service when previously SNC would have been required to
plug or sleeve the tubes due to the degradation that has occurred. However, allowing these
tubes to remain in service necessitates that SNC take into account, in its analysis, the potential,
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which exists, that an MSLB may induce leakage in the tubes that have been allowed to remain
in service due to application of ARC. Consequently, when an analysis is performed of the
consequences of an MSLB accident concurrent with a loss of offsite power, SNC assumes that
the accident induces leakage in those tubes of the affected SG which has experienced the
pressures associated with a steamline break and to which ARC has been applied.

On October 29, 1997, Amendments 132 and 124 were issued to FNP Units 1 and 2,
respectively, which implemented the most recent ARC criteria. This amendment approved a
primary-to-secondary leak rate of 23.8 gpm and primary coolant activity levels of dose
equivalent 'l of 9 uCi/g for the maximum instantaneous value and 0.15 pCi/g for the 48-hour
value. On March 16, 1998, SNC submitted a revised MSLB analysis that utilized the
assumptions of Amendments 132 and 124 but modified the assumptions to incorporate
changes associated with the power uprate such as steam released from the intact SGs.

For the power uprate amendment, the reevaluation of the MSLB involved two cases. One case
assumed the accident occurred following an iodine spike, referred to as the preexisting spike
case. The second case assumed that the MSLB resuited in the initiation of an iodine spike,
referred to as the accident-initiated spike. In both cases, a 150 gpd/SG, primary-to-secondary
leak was assumed for the intact SGs. For case one, it was assumed that a preexisting iodine
spike had occurred prior to the steamline break. Reactor coolant concentration was assumed
to be at the TS Figure 3.4-1 full power limit of 9 uCi/g of dose equivalent '3},

The second case assumed the steamline break initiated a concurrent iodine spike. The reactor
coolant concentration was assumed to be at the existing TS 48-hour limit of 0.15 uCi/g dose
equivalent *'l. The secondary system activity was assumed to be at the TS limit of 0.1 uCi/g
dose equivalent '*'l. Concurrent with the MSLB, an iodine spike was assumed to occur that
releases iodine from the fuel gap to the reactor coolant at a rate that is 500 times the normal
iodine release rate. No failed fuel was assumed to occur as a result of the MSLB.

For both analyses, it was assumed that the 23.8 gpm of primary-to-secondary tube leak
occurred in the faulted SG until it was isolated. After isolation of the faulted SG, it was
assumed that primary-to-secondary leakage to the intact SGs would continue at a rate of

150 gpd/SG. Because offsite power is assumed to be lost, the main condenser was
unavailable for steam dump and cooling of the reactor core must occur through the use of the
safety valves. After 8 hours, no further steam release or activity release was assumed to occur
due to the steamline break.

The power uprate amendment request presented a new value for the quantity of steam
released from the intact SGs during an MSLB. The quantity presented in the power uprate
amendment was approximately 25 percent less than the value which was presented in support
of the latest ARC amendments. This decrease in steaming rate for the intact SGs incorporated
a plant-specific value for Farley whereas the previous value had been a generic Westinghouse
value. A rigorous calculation of the dose consequences of an MSLB would include the
contribution from the steaming of the intact SGs. However, the dose contribution from this
source is minimal. The staff's analysis, which assessed the latest ARC amendment request,
assumed, in the calculation of doses, that any primary-to-secondary leakage to the intact SGs
was released to the environment without a partition factor. This is a conservative assumption.
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Since the primary-to-secondary leakage rates remained unaffected by the power uprate, the
doses, which were calculated by the staff, remain unchanged. Based upon the manner in
which the staff calculated the doses for the MSLB in the ARC amendments, these doses remain
relevant and acceptable and are incorporated into this safety evaluation.

SNC was also asked to determine if the MSLB remained the limiting accident with respect to
radiological consequences when the effects of ARC and the power uprate are considered or if
the locked rotor or the rod ejection accidents resulted in accident-induced leakage which, when
coupled with the increase in source term, became more limiting. The staff's concern was that
the pressure transient associated with the locked rotor and rod ejection accidents might induce
leakage during the event. When this accident-induced leakage is combined with the normal
operating primary-to-secondary leakage and the failed and melted fuel associated with the -
transient, the potential exists that one of these accidents may become more limiting, from a
radiological standpoint, even though the partition factor for the faulted SG is 1 for the MSLB and
100 for the other transients, provided the tubes are covered. SNC indicated that for the power
uprate, even with the inclusion of ARC, the MSLB is the more limiting accident. SNC stated
that the basis for this statement was contained in WCAP-12871, Rev. 2, “J. M. Farley Units 1
and 2 Steam Generator Tube Plugging Criteria for ODSCC at Tube Support Plates,” February
1992. Section 11.3 of WCAP-12871 had concluded that the increased source terms associated
with the locked rotor and rod ejection accidents were offset by reduced primary-to-secondary
differential pressure; decreased flashing and increased mixing in the SG; and continued
coverage of the SG tubes at the tube sheet and the tube support plate interfaces. The issue of
partial SG tube uncovery was addressed generically by the Westinghouse Owners Group and
documented in WCAP-13247, “Report of the Methodology for the Resolution of the Steam
Generator Tube Uncover Issue,” in March of 1992. SNC stated that the conclusions drawn in
the study, that the current design basis methodologies remain valid, is still applicable to Farley
given the power uprate and the implementation of ARC.

SNC also presented a qualitative assessment to demonstrate that the MSLB was still limiting,
with respect to radiological consequences. An assessment of the expected primary-to-
secondary differential pressure associated with the locked rotor and rod ejection accidents
determined that the locked rotor pressure transient was more challenging with regard to primary
to secondary differential pressure. For the locked rotor accident, the primary pressure peaks in
approximately 3 seconds for Farley and levels off after about 25 seconds. Farley estimated the
accident-induced leakage for a locked rotor event. This scoping assessment relied on leakage
data obtained previously for five pulled tube specimens from the Farley SGs. Leakage data for
these specimens was collected for differential pressure loadings representative of normal
operating conditions and of MSLB. This data was adjusted to reflect the pressure, temperature,
and hydraulic conditions associated with the postulated locked rotor event. The adjustment
procedure was adapted from an adjustment methodology included and documented in the
industry ARC database for 7/8-inch tubing. This data base has been accepted by the NRC as
documented in GL 95-05 and plant-specific SERs approving implementation of the ARC.
Application of the adjustment procedure yielded a factor of 3.7 reduction in leakage rate for the
first 25 seconds of a postulated locked rotor event when compared to leakage under postulated
MSLB conditions and a factor of 8.4 reduction after 25 seconds.
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SNC’s estimates are based on limited data that required significant adjustment to reflect
postulated conditions during the locked rotor event. Nevertheless, SNC's estimates incorporate
a number of conservatisms such that it is the staff's judgement that actual leakage under
postulated locked rotor and rod ejection events would be less than that indicated by SNC'’s
assessment. In particular, SNC took no credit for the constraint against leakage provided by
the corrosion product in the tube-to-tube support plate (TSP) crevices. Such constraint has
typically not been assumed in assessing leakage from MSLB due to potential axial
displacement of the TSP during the event. TSP displacement would not be expected to occur
during locked rotor and rod ejection events.

SNC presented the results of offsite dose assessments based on the leak rate ratios above and
a limiting MSLB leak rate of 24 gpm. The locked rotor estimate for leakage was utilized for the
rod ejection accident since its value bounded both assessments. For the locked rotor, accident-
induced leakage was estimated at 6.5 gpm per SG for 0-25 seconds and 2.9 gpm per SG for
the remainder of the accident. These leakage rates were assumed to exist for all three SGs
and long-term leakage was assumed to last until the RCS and SG pressures equalize.

It was assumed for the locked rotor that the leakage remained constant until residual heat
removal cut in at 8 hours after that accident. For this qualitative assessment, SNC determined
that a fuel failure value of 6.3 percent is sufficiently conservative; 20 percent was assumed in
the licensing basis calculations. The staff found the value of 6.3 percent acceptable. Based
upon these assumptions, SNC calculated a thyroid dose of approximately 22 rem.

For the control rod ejection, the duration of the accident, as described in the Farley Nuclear
Plant Units 1 and 2 Power Uprate Project NSSS Licensing Report (WCAP-14723) was

2500 seconds. Using the rod ejection source term for the power uprate with the above noted
primary-to-secondary leak rates, SNC calculated at offsite thyroid dose of approximately

46 rem.

Based upon the results for the locked rotor and rod ejection accidents noted above, since the
consequences of the MSLB is at the existing dose limit of 30 rem, SNC concluded that the
MSLB remains the limiting accident. SNC concluded this because the MSLB is at 100 percent
of the dose guideline value whereas the locked rotor and rod ejection accidents doses were
determined to be 60-70 percent of their guideline values. SNC also concluded that the offsite
consequences would be more limiting than the control room operator doses (GDC-19).

The staff has evaluated SNC's assessment of whether the MSLB remains the limiting accident.
The staff reviewed SNC's discussion of the pressure transients associated with the locked rotor
and rod ejection accident, SNC's estimate of the accident-induced leakage, which may be
initiated by such events, the estimated fuel failures associated with the locked rotor and rod
ejection events and the radiological consequences postulated for these events. The staff
concluded that the postulated offsite doses by SNC were reasonable. In addition, the staff
concluded that it would be the offsite consequences rather than GDC-19, which would be
limiting for this assessment. Based upon its review, the staff has concluded that the MSLB
remains the limiting accident, with respect to radiological consequences, even when both ARC
and the power uprate are considered.
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The details of the staff's assessment of the doses of an MSLB were presented in Amendments
132 and 124. The doses, which were presented in that assessment, are presented in Tables
3.5.2-1 through 3.5.2-3 for the sake of completeness.

3.5.1.5 Steam Generator Tube Rupture

SNC reevaluated the consequences of a postulated SGTR accident. For this evaluation, SNC
assessed two cases. One case involved a preexisting spike. The other case involved an
accident-initiated spike. In both cases, in the intact SGs, it was assumed that primary-to-
secondary leakage existed at the present TS value of 150 gpd/SG prior to and following the
SGTR.

In the preexisting iodine spike case it was assumed that the iodine spike occurred prior to the
SGTR. At the time that SNC performed its assessment of this accident for the power uprate,
the existing technical specification value for the maximum instantaneous value of dose
equivalent **'l in the reactor coolant was 30 pCi/g. It was at this value that SNC performed its
dose assessment and submitted it to the staff for review and approval. Subsequently, in Unit 1
Amendment 132 and Unit 2 Amendment 124, SNC reduced this value of dose equivalent '3l to
9 uCi/g.

For the accident-initiated spike case, it is assumed that the SGTR initiates a concurrent iodine
spike. For this assessment SNC assumed that the reactor coolant was at the 48-hour TS for
dose equivalent "*'l. As for the preexisting spike case, SNC performed the analysis at the SNC
value (0.5 pCi/g) which was in existence at the time the power uprate amendment request was
filed. The secondary system activity was assumed to be at the TS normal operation limit of

0.1 uCi/g of dose equivalent "*'|. Concurrent with the SGTR, an iodine spike was assumed to
occur that resuits in the release of iodine from the fuel gap to the reactor coolant at a rate that
is 500 times the iodine release rate associated with the 48-hour TS value. SNC's analysis of
the SGTR concluded that this accident resulted in no failed fuel.

For both analyses, it was assumed that offsite power was lost and the main condenser was
unavailable for steam dump. SNC assumed that it took 8 hours to cool the reactor down to a
point where no further release of steam or radioactivity to the environment would occur.

The staff has performed its assessment of the potential consequences of an SGTR event. The
staff's assessment assumed that the reactor coolant activity level for dose equivalent **'| was at
60 uCi/g for the preexisting spike case and at 1 pCi/g for the accident-initiated spike case. The
staff performed its assessment at this value because the staff anticipates that SNC will restore
these values to the pre-ARC TS values upon replacement of the FNP SGs.

There were certain issues associated with SG operation that the staff believed needed to be
addressed in connection with the power uprate. These issues were SG overfill, SG flashing
fractions, and tube uncovery. SNC addressed these issues following the staff's requests for
additional information.

SNC addressed the issue of SG overfill in the event of an SGTR by examining analyses
performed for plants licensed with the methodology developed in WCAP-10698-P-A, “SGTR
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Analysis Methodology to Determine the Margin to Steam Generator Overfill,” and Supplement 1
to WCAP-10698-P-A, “Evaluation of Offsite Radiation Doses for a Steam Generator Tube
Rupture Accident.” SNC concluded that the power uprate and its associated changes should
not result in an increase in either the possibility or the probability of SG overfill occurring as a
result of an SGTR. The staff finds this consistent with the conclusions drawn in the approved
WCAP-10698-P-A methodology on SG overfill.

With respect to flashing fractions in the event of an SGTR, the analysis performed by SNC
assumed no flashing fraction for the leakage occurring from the ruptured tube. SNC indicated
that some flashing of break flow from the ruptured tube would be expected. However, SNC
indicated that they did not consider flashing as part of the FNP licensing basis analysis. SNC
did provide figures with examples of break flow flashing fractions as a function of time for
facilities that have performed detailed transient analyses and have included flashing as a part of
their licensing basis calculation. These transient analyses modeled the expected operator
action to terminate primary-to-secondary break flow, including isolation of the faulted SG,
cooldown with the intact SGs, and depressurization with the pressurizer PORV.

As provided by SNC, the results in both figures assumed that a loss of offsite power had
occurred. One figure assumed that a PORV on an intact SG failed closed while the other figure
assumed that the PORYV on the faulted SG failed open and required operator action to close the
associated PORYV block valve. However, SNC did not include in its calculations any assumption
for the flashing fraction.

The staff concluded that flashing is real phenomenon and should be included in the assessment
of the consequences of the power uprate. Absent detailed flashing information, the staff utilized
flashing fractions from a recently reviewed SGTR analysis for an SG replacement. The flashing
fractions, which were utilized, would be considered conservative to a degree that the staff
believes such values wouid envelope the flashing that might occur at FNP. With the utilization
of these values, doses were found to be acceptable. Nevertheless, as a condition to this
amendment, the staff has concluded that SNC should provide an SGTR analysis that
incorporates a flashing fraction that is appropriate to the Farley design.

SNC was asked to address the question of tube uncovery during certain transients. SNC
indicated that the Westinghouse Owners Group (WOG) had confirmed, on a generic basis, and
the staff had concurred in a March 10, 1993, letter that the effects of partial SG tube uncovery
has a negligible effect on iodine releases from SGTR and non-SGTR transients. A March 31,
1992, letter from the WOG documented information on the SG tube uncovery issue which had
been previously discussed with the staff. This letter stated the following with respect to
non-SGTR transients. “For those accidents for which some fuel rods are calculated to be in
DNB, the probability of the event and the set of conditions leading to significant offsite releases
is considered to be very low (less than 5§ x 10® per reactor year) for a representative plant. It is
possible that plant-specific considerations may modify the transient behavior and change the
probability value.” In its April 13, 1998, letter, SNC concluded that the assessments done to
support the March 31, 1992, WOG conclusion are still applicable considering the effects of the
power uprate and the use of ARC. The staff has reviewed SNC’s April 13, 1998, letter, and is in
agreement with the SNC conclusion.
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Table 3.5.1.5-1 presents the assumptions utilized by the staff in its assessment. The potential
consequences of an SGTR accident are presented in Tables 3.5.2-1 through 3.5.2-3. The staff
concluded that even with the inclusion of the flashing fractions and the assumption that the
reactor coolant activity levels were at 60 pCi/g for the preexisting spike and 1 uCi/g for the
accident-initiated spike case, doses were found to be acceptable.

3.5.1.6 Locked Rotor

SNC assumed a postulated reactor coolant pump locked rotor event and subsequent leakage of
steam from the secondary system due to the leakage of reactor coolant to the secondary
system. Leakage from the primary side to the secondary side was assumed to exist at the TS
value. SNC assumed that the contribution of activity from the initial reactor coolant activity
levels, even when it is assumed that the reactor coolant activity levels are at the TS values for
dose equivalent **'l and an iodine spike is considered, is small relative to the contribution of
activity from the release of the gap inventory from 20 percent of the fuel rods in the core. SNC
indicated that its analysis resuits showed that fuel melting would not occur during a locked rotor
event.

The staff performed independent calculations of the consequences of the locked rotor accident.
Table 3.5.1.6-1 presents the assumptions utilized by the staff in its assessment. The staff's
assessment of the potential dose consequences of a locked rotor accident are presented in
Tables 3.5.2-1 through 3.5.2-3. The doses were found to be acceptable.

It should be noted that the staff performed its assessment of the consequences of this accident
based upon primary coolant TS values of dose equivalent 'l of 60 pCi/g and 1 uCi/g. As noted
for the SGTR assessment, the calculations were performed at these activity levels based upon
the assumption that in the future, upon replacement of the SGs, SNC may wish to restore the
TS limits for dose equivalent. Such an assumption will not require the staff to reanalyze this
accident in the event that SNC wishes to increase the activity levels of dose equivalent ™'l in
the reactor coolant at a later date provided that there are no future changes to the various
parameters, operator actions, and operator and/or system or reactor responses that would alter
the doses calcuiated for this assessment.

3.5.1.7 Fuel Handling Accident

SNC evaluated two fuel handling accident scenarios. The first assumed the refueling accident
occurred within containment. In this scenario, a spent fuel assembly was assumed to be
dropped onto the core. This was assumed to result in damage to an entire fuel assembly.
Following the drop, the activity released to the containment atmosphere was assumed to be
released instantaneously to the environment via the containment purge exhaust filter. SNC
assumed that the release via this pathway would have a removal efficiency of 90 percent for the
elemental form of iodine and 30 percent for the organic form of iodine. SNC assumed no credit
for decay resulting from holdup in the containment.

The second scenario assumed the refueling accident occurred outside containment in the area
of the spent fuel pool, which is located in the auxiliary building. As in the previous scenario, it
was assumed that the dropping of a spent fuel assembly into the spent fuel pool would result in
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damage to one entire fuel assembly and the release of the volatile gaseous fission products to
the spent fuel pool with subsequent release to the environment through the penetration room
filtration system. SNC assumed credit for mixing of activity in the open area just above the
spent fuel pool. SNC took no credit for decay due to holdup in the auxiliary building nor credit
for decay due to transit time after release to the environment. The penetration room filtration
system was assumed to remove iodine with an efficiency of 90 percent when it was in the
elemental form and 70 percent when it was in the organic form.

The staff has performed an independent calculation of a fuel handling accident. The staff also
evaluated two scenarios. The staff's assessment did not include credit for mixing in the
buildings in which the fuel handling accident occurred because the staff concluded that SNC did
not provide adequate justification for the assumption of building mixing.

Table 3.5.1.7-1 contains details of the assumptions utilized by the staff in its assessment. The
offsite doses are presented in Tables 3.5.2-1 and 3.5.2-2. The control room operator doses are
presented in Table 3.5.2-3. The doses were found to meet Part 100 and GDC-19 criteria.

3.5.1.8 Rod Ejection

SNC performed an analysis of a postulated rod ejection accident. it was assumed that the
reactor was operating with equilibrium activity levels in the primary and secondary systems
based upon 1 percent failed fuel and a primary-to-secondary leak rate of 150 gpd/SG. The
analysis was performed with the assumption that there are two potential release pathways
following a rod ejection accident. The first pathway is via containment leakage. It is assumed
that the rod ejection accident results in the release of activity from the fuel rods to primary
coolant. A certain fraction of the activity released to primary coolant is assumed to be released
to the containment and available for release from the containment at the TS value for
containment leakage.

The second pathway is via the secondary side. For this pathway, the assumption is made that
reactor coolant leaks from the primary side to the secondary side and then radioactivity is
released to the environment via the relief valves since it is assumed that when offsite power is
lost, the accident occurs.

For both release pathways, the assumption is made that all of the gap activity of the fuel that
has its cladding degraded as a result of the accident and all of the activity of the fuel that has
experienced melting, is released to the primary coolant. SNC's analysis assumed that the rod
ejection resulted in 0.25 percent of the fuel in the core melting and 10 percent of the fuel
experiencing degradation of cladding.

The sta¥f has performed a calculation of the dose consequences of a rod ejection accident.
Table 3.5.1.8-1 presents the assumptions utilized by the staff in its assessment. The doses,
which were calculated for this accident, are presented in Tables 3.5.2-1 through 3.5.2-3.

SNC performed the analysis of the consequences of releases occurring from both the
secondary side release pathway and the containment pathway. The staff has presented
separately the results of the assessment for each path. The thyroid dose at the low population
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zone exceeded the acceptance criterion of Appendix A to SRP 15.4.8. The staff finds this
departure from the acceptance criterion acceptable because:

1. The doses are below the guideline values of 10 CFR Part 100;

2. The consequences were calculated on the basis of fuel failures that are predicted by
conservative models; and
3. The SRP acceptance criterion itself is conservative.

All other doses were found to meet the acceptance criterion of SRP 6.4 and SRP 15.4.8.

3.5.1.9 Smali Break LOCA

SNC calculated the potential consequences of an SBLOCA. In this assessment, SNP assumed
the very same assumptions as those for an LBLOCA with two exceptions. The first exception
was the source term that was assumed to consist of 100 percent failure of the fuel cladding that
results in release of 100 percent of the gap activity. The second exception assumed that the
sprays were not activated. The resultant doses were assumed to occur only from containment
leakage with no inclusion of the potential consequences of either a mini-purge or H, venting.

The staff performed a similar calculation. The staff's assessment assumed that the particulate
form of iodine would undergo removal via plateout. The doses are presented in Tables 3.5.2-1
through 3.5.2-3. The doses were found acceptable.

3.5.2 Conclusions

The staff has assessed those accidents for which the power uprate would have an impact upon
the offsite and control room operator doses. These doses are presented in Tables 3.5.2-1
through 3.5.2-3. The staff's results demonstrated that, for those accidents that are impacted by
the power uprate, the doses would not exceed the dose guidelines presently contained in the
Standard Review Plan, 10 CFR Part 100, or GDC-19 of 10 CFR Part 50, Appendix A, for either
offsite locations or control room operators. Therefore, the staff finds the proposed power uprate
acceptable.

4.0 SYSTEMS, STRUCTURES, AND COMPONENTS EVALUATION

In its evaluation, the staff refers to several terms in the submittal. These terms are defined -
below:

. ASME Code - editions of the American Society of Mechanical Engineers Boiler and
Pressure Vessel Code, Sections Il or Xl, as appropriate, through the 1988 Addenda
%nd the 1989 Edition.

. ASTM Standard Pr: ures or Practices - procedures or practices for testing or
analysis developed by the American Society for Testing and Materials.
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Charpy-V notch test or Charpy-V test - a fracture toughness test that involves impacting

a small notched impact specimen (usually in bar form) with an impact pendulum and
measuring the fracture energy of the specimen.

Charpy transition curve or Charpy-V curve - a graphic presentation of Charpy-V test

data, including absorbed energy, and fracture appearance. The curve includes the lower
shelf energy (< 5 percent shear), the transition region, and the upper shelf energy
(> 95 percent shear).

EOL - “end of life,” the scheduled date of expiration of the operating license for a
licensed nuclear power generation facility.

EOL fluence - the best-estimate neutron fluence projected for a specific reactor pressure
vessel (RPV) beltline material at the clad-base-metal interface on the inside surface of
the RPV at the location where the material receives the highest fluence on the expiration
date of the operating license.

Pressurized thermal shock (PTS) event - an event or transient in pressurized water

reactors (PWRs) causing severe overcooling (thermal shock) concurrent with or
followed by significant pressure in the reactor vessel.

Reactor pressure vessel (RPV) beltline - the region of the RPV (shell material including

welds, heat-affected zone, and plates or forging materials) that directly surrounds the
effective height of the active core and adjacent regions of the RPV that are predicted to
experience significant neutron irradiation damage (a consideration in selecting
materials).

RT.s - the reference temperature, RT,;, evaluated for the EOL fluence for each of the
RPV beltline material, using the procedures of Paragraph (c) of the revised PTS rule,
10 CFR 50.61 (Ref. 9). For materials in the RPV beltline, the RT,;s must account for
changes in the reference temperature as a result of neutron irradiation damage.

ART,nr - the transition temperature shift, or change in RTy,;, due to neutron irradiation
effects, which is evaluated as the difference in the 30 ft-Ib (41 J) index temperatures
from the average Charpy-V curves measured before and after irradiation.

Upper shelf energy (USE) - the average value for all Charpy-V test specimens
(normally three) whose test temperature is above the upper end of the transition region

of the Charpy-V curve; for specimens tested in sets of three at each test temperature,
the set having the highest average may be regarded as defining the USE of the
aterial.

4.1 Reactor Vessel Integrity

To determine the acceptability of the power uprate on the integrity of the reactor vessel, the
staff evaluated the following:
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. Effect on the EOL USE Values for the Beltline Materials

. Effect on SNC's Revised Pressure/Temperature (P-T) Limit Curves and SNC’s
Assessment for Prevention Against Pressurized Thermal Shock

. Effect on the Material Surveillance Programs

4.1.1 Effect on the EQL USE Values for the FNP Units 1 and 2 RPV Beltline Materials

Appendix G, “Fracture Toughness Requirements," to Part 50 of Title 10 of the Code of Federal
Regulations (10 CFR Part 50, Appendix G), requires, in part, that the Charpy-V USEs for RPV
beltline materials be no less than 75 ft-Ib (102 J) in the unirradiated condition, and no less than
50 ft-Ib (68 J) throughout the life of the RPV, unless it can be demonstrated in a manner
approved by the Director, Office of Nuclear Reactor Regulation, that lower values of USE (as
determined from the results of Charpy-V tests and Charpy-V curves) will provide margins of
safety against fracture equivalent to those required by Appendix G of Section X| of the ASME
Code.

The staff performed an independent review of the Charpy-V test data for Surveillance Capsule
Nos. Y, X, U, and W from Unit 1 and for Surveillance Capsules U, W, and X from Unit 2.
These capsules have been removed from the FNP RPVs and tested in accordance with the
respective FNP Unit 1 and Unit 2 surveillance withdrawal program requirements set forth in

10 CFR Part 50, Appendix H.

Tables 4.1.1-1 and 4.1.1-2 (Attachment 1) compare the projected EOL USE values determined
by the staff and by SNC. SNC's EOL USE values for the FNP Units 1 and 2 beltline materials
were revised and submitted to the staff in SNC's submittal of February 12, 1998. Both the
staff's and SNC's calculation of the EOL USE values are based on the neutron fluence values
for the RPV 1/4T locations as determined from the latest neutron transport caiculations for the
vessels. These fluences are slightly more conservative than those which would be projected
using RPV neutron dosimeter measurements. Tables 4.1.1-1 and 4.1.1-2 show the uprated,
limiting EOL USE values for the FNP beltine materials in bolded print. SNC's projected EOL
USE values for the FNP units under uprated conditions were within -4 ft-lbs to +2 ft-lbs of the
USE values calculated by the staff and therefore were in agreement. The tables indicate that
the beitline materials in the FNP Units 1 and 2 RPVs will continue to satisfy the EOL USE
criteria specified in 10 CFR Part 50, Appendix G, if the request to increase the rated thermal
power of the plants is approved by the staff. Conservative neutron-transport-calculation-based
fluences were used to project the EOL USE values for the FNP beltline materials.

4.1.2 Effect on SNC's Revised P-T Limit Curves for FNP Unit 1 and Unit 2 and SNC's

A;ssessmgn; for Prevention Against Pressurized Thermal Shock

Section 50.61 to Part 50 of Title 10 of the Code of Federal Regulations, requires, in part, that
“[flor each pressurized water reactor for which an operating license has been issued.... the
licensee shall have projected values of RT,;s , accepted by the NRC, for each reactor vessel
beltline material for the EOL fluence of the material...For each pressurized water nuclear
reactor for which the value of RTs for any material in the beltline is projected to exceed the
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PTS screening criterion using the EOL fluence, the licensee shall implement those flux
reduction programs that are reasonably practicable to avoid exceeding the screening
criterion...." !

In its review, the staff performed its own calculations of the effect of the uprated EOL fluences
on the projected EOL RTp;¢ values for the Units 1 and 2 RPV beltline materials. The staff used
the methodology in 10 CFR 50.61 to calculate projected RT,;g values. The review is
documented in the staff's SE dated March 31, 1998 (Reference 21).

In that SE, the staff determined that the RT..s values will continue to satisfy the criteria 